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PIEZOELECTRIC OSCILLATOR, PORTABLE TELEPHONE USING A 
PIEZOELECTRIC OSCILLATOR, AND ELECTRONIC DEVICE USING A 
PIEZOELECTRIC OSCILLATOR 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a piezoelectric resonator, a piezoelectric 
oscillator including an oscillator circuit element to oscillate the piezoelectric resonator, and a 
portable telephone and an electronic device using a piezoelectric oscillator. 

2. Description of Related Art 

[0002] A related art piezoelectric oscillator disposed in a package can be used in a 
wide variety of devices, for example, in small information devices, such as a HDD (hard disk 
drive), a mobile computer, and an IC card, and mobile communication devices, such as a 
portable telephone, a mobile telephone, and a paging system. 

[0003] The related art constructs a piezoelectric oscillator in such a manner that a 
piezoelectric resonator and an oscillator are first constructed in separate packages and then 
the package including the piezoelectric resonator is placed on the package including the ; 
oscillator, as disclosed in Japanese Unexamined Patent Apphcation PubUcation No. 63- 
244905. 

[0004] The technique disclosed above can reduce or avoid various problems which 
will occur if the piezoelectric resonator and the oscillator circuit element are disposed in the 
same package. 

[0005] That is, if the piezoelectric resonator and the oscillator circuit element are 
both disposed in the same resin-molded package, gas produced dviring the curing process is 
adsorbed by the piezoelectric resonator and degradation in performance occurs. 

[0006] The above problem can be reduced or avoided by disposing the piezoelectric 
resonator and the oscillator circuit element in separate packages and putting one of them on 
the other. Furthermore, this technique makes it possible to produce a piezoelectric oscillator 
in a small form. 

[0007] In the related art, it is advantageous to reduce in size various devices using a 
piezoelectric oscillator. To provide this advantage, it is required to further reduce the size of 
the piezoelectric oscillator. 

[0008] To address or achieve the above requirement in the piezoelectric oscillator 
produced by housing a piezoelectric resonator and an oscillator circuit element in separate 



packages and then putting one of them on the other, the related art provides a structure shown 
in Figs. 23 and 24, as disclosed in Japanese Unexamined Patent Application Publication No. 
2001-332932. 

[0009] Fig. 24 is a cross-sectional view taken along Plane C-C of Fig. 23. As 
shown in Figs. 23 and 24, a piezoelectric oscillator 1 includes an oscillator 2 and a 
piezoelectric resonator 3 firmly placed on the oscillator 2. 

[0010] In the piezoelectric resonator 3, a piezoelectric resonator 7 is disposed in an 
internal space SI of a ceramic package 3a. Grooves 5 are formed on side faces of the ceramic 
package 3 a and electrodes 6 connected to the piezoelectric resonator 7 are formed in the 
respective grooves 5. The upper end of the ceramic package 3a is closed with a lid 4 made of 
metal. 

[0011] The oscillator 2 is produced by placing an oscillator circuit element 1 1 on a 
• device mounting part of a lead frame 1 3 and molding them with a resin 1 4. Of a plurality of 
leads 13a and 13b of the lead frame 13, leads 13a are bent downward such that they serve as 
external connection terminals used to mount the oscillator 2. The other leads 13b are bent 
upward and connected to the electrodes 6 formed in the grooves 5 of the piezoelectric 
resonator 3. 

[0012] As described above, by using the lead frame 13 of the oscillator 2 in 
conjunction with the structure including the grooves 5 of the piezoelectric resonator 3, the 
electrodes 6 of the piezoelectric resonator 3 are electrically connected to the leads 13a of the 
oscillator 2 in a highly reliable fashion. Furthermore, this structure also allows components 
to be easily positioned. 

SUMMARY OF THE INVENTION 

[0013] In the piezoelectric oscillator 1 described above, bending is performed on 
parallel extending leads 13a and 13b of one lead frame 13 on which the oscillator circuit 
element 1 1 is to be mounted such that the leads 13a and 13b are bent in opposite directions. 
The provision of different types of leads 13a and 13b bent in opposite directions causes an 
increase in the horizontal size. 

[0014] That is, in the piezoelectric oscillator 1, although it is intended to reduce the 
horizontal. size to minimize the space required to mount the piezoelectric oscillator 1 by 
vertically placing the packages of the oscillator 2 and the piezoelectric resonator 3 such that 
one is located on the other thereby minimizing the number of parts arranged in the horizontal 



direction, the reduction in the horizontal size of the piezoelectric oscillator 1 is limited, and 
the piezoelectric oscillator 1 still has a rather large horizontal size. 

[0015] Furthermore, it is generally difficult to bend leads 13a and 13b formed in the 
same lead fi-arrie 13 in different directions. Thus, this technique creates another problem: how 
to produce the piezoelectric oscillator 1 . 

[0016] The present invention provides a piezoelectric oscillator having a reduced 
horizontal size and capable of being mounted in a small area. The present invention also 
provides a portable telephone and an electronic device using a piezoelectric oscillator. 

[0017] To address or achieve the above, the present invention provides a 
piezoelectric oscillator including a first package in which an oscillator circuit element to form 
an oscillator is disposed and a second package in which a piezoelectric resonator is disposed, 
the second package being firmly connected to the first package such that the second packaged 
is located on the first package, the first package including a first lead fi:-ame and a second lead 
frame, an end portion of the first lead fi*ame being bent in a direction away fi*om the second 
package such that the end portion is exposed to the outside and such that the exposed end 
portion serves as a first connection terminal, an end portion of the second lead fi*ame being 
bent in a direction toward the second package such that the end portion is exposed to the 
outside and such that the exposed end portion serves as a second connection terminal, the first 
connection terminal and the second connection terminal being located such that they overlap 
with each other when viewed in a vertical direction, the oscillator circuit element being 
connected to internal terminals of respective first and second lead fi-ames, the first connection 
terminal serving as a mounting terminal, the second connection terminal being electrically 
connected to an external terminal of the second package, the first package and the second 
package being firmly connected to each other. 

[0018] In this piezoelectric oscillator, the first package includes at least the first lead 
frame and the second lead fi-ame. The end portion of the first lead frame is bent in the 
direction away from the second package such that the end portion is exposed to the outside 
and such that the exposed end portion serves as the first connection terminal, and the end 
portion of the second lead frame is bent in the direction toward the second package such that 
the end portion is exposed to the outside and such that the exposed end portion serves as the 
second connection terminal. The first connection terminal used as the mounting terminal, and 
the first package and the second package are electrically connected to each other using the 
second connection terminal. That is, the method of connecting the first package to a 
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mounting board or the like on which the piezoelectric oscillator is mounted is realized by one 
lead frame, and the method of electrically connecting the first package to the second package 
is realized by another lead frame. The first and second lead frames formed separately are 
disposed such that one is located on the other. In this structure, because each lead frame does 
not include an end part to be bent in a direction opposite to the direction in which the other 
end parts of that lead frame are bent, the horizontal size of the lead frame can be reduced, and 
thus the horizontal size of the piezoelectric oscillator can be reduced or minimized. 

[0019] As a result, it is possible to provide a piezoelectric oscillator which can be 
mounted in a small area. ' 

[0020] Furthermore, the first package and the second package are fixed to each 
other such that the external terminals of the first package are in direct contact with the 
corresponding second connection terminals of the second package. 

[0021] The direct contact between the external terminals of the first package and the 
second connection terminals of the second package resuUs in an enhancement in heat 
conduction between the first package and the second package. For example, when the 
oscillator circuit element in the first package has the temperature detection capabiUty to 
perform temperature compensation on the piezoelectric resonator in the second package, the 
good heat conduction reduces or minimizes the thermal gradient between the two packages 
thereby ensuring that the piezoelectric oscillator operates precisely. 

[0022] In another aspect of the present invention, a space between the first package 
and the second package is filled with a good thermal conductor with a higher thermal 
conductivity than air. 

[0023] In this aspect, the thermal conductor filled in the space between the first 
package and the second package provides a thermal conduction path. For example, when the 
oscillator circuit element in the first package has the temperature detection capability to 
perform temperature compensation on the piezoelectric resonator in the second package, the 
themial conductor reduces or minimizes the thermal gradient between the two packages 
thereby ensuring that the piezoelectric oscillator operates precisely. 

[0024] In another aspect of the present invention, the end part of the first lead frame 
and the end part of the second lead frame are formed so as to be different in shape from each 
other thereby creating a difference in shape between the part, exposed to the outside on the 
surface of the package, of the first connection terminal and the part, exposed to the outside on 
the surface of the package, of the second connection terminal. 
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[0025] In this aspect, the difference in appearance allows the first connection 
terminal and the second connection terminal of the second package to be easily distinguished 
from each other. This makes it possible to prevent the second package from being dealt with 
in a wrong mainner, 

[0026] In another aspect of the present invention, a portion of the end part of the 
first lead frame is bent in a direction away from the second package such that the bent portion 
at the lower end is exposed to the outside and serves as the first connection terminal, while 
the remaining portion of the end part horizontally extends and serves as a control terminal. 

[0027] In this aspect, because the control terminal is exposed via the cut-out part 
formed in the side face of the first package, it is possible to easily bring a test pin into contact 
with the control terminal. This allows the piezoelectric oscillator to be easily tested. The 
control terminal can extend in the horizontal direction within the cut-out parts without 
extending to the outside beyond the outer surface of the first package and thus without 
causing an increase in the total size. 

[0028] In another aspect of the present invention, the oscillator circuit element is 
fixed to one of the first and second lead frames. 

[0029] In this aspect, even if water intmdes into the piezoelectric oscillator from the 
lower side thereof, the water cannot easily reach the oscillator circuit elenient. Thus, the 
oscillator circuit element is protected from being damaged by water. Furthermore, in this 
structure, when a temperate compensation circuit is added to the oscillator circuit element, a 
temperature sensor of the temperature compensation circuit can be disposed in close 
proximity of the piezoelectric resonator. This makes it possible to reduce or minimize the 
teinperature difference between the temperature sensor and the piezoelectric resonator, 
thereby ensuring that the temperature characteristic of the piezoelectric resonator is precisely 
compensated. 

[0030] In another aspect of the present invention, a side end face of the mounting 
terminal is exposed on the outer surface of a molding resin. 

[0031] In this aspect, when the piezoelectric oscillator is mounted on a moimting 
board or the like by soldering, an excess part of molten solder goes upward along the side 
face of the mounting terminal from the major surface of the mounting terminal. This makes it 
possible to easily check by visual inspection whether the mounting terminal is well connected 
to the mounting board. 
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[0032] In another aspect of the present invention, the side end face of the mounting 
terminal protrudes from the outer surface of a molding resin. 

[0033] In this aspect, when the piezoelectric oscillator is mounted on a mounting 
board or the like by soldering, an excess part of molten solder goes upward from the major 
surface of the mounting terminal to the upwardly extending part of the mounting terminal 
molded with the resin, and a solder fillet is formed. This makes it possible to more easily 
check by visual inspection whether the mounting terminal is well connected to the mounting 
board. 

[0034] In another aspect of the present invention, a molding resin is removed from a 
major surface of the mounting terminal of the first package molded with the resin. 

[0035] In this aspect, it is ensured that the major surface of the mounting terminal is 
well plated with solder. 

[0036] In another aspect of the present invention, the mounting terminal of the first 
package is formed at a location higher than the lower surface of the first package. 

[0037] In this aspect, when the piezoelectric oscillator is mounted on a mounting 
board, a gap produced between the mounting board and the mounting terminal is filled with 
molten solder, and the solder remains therein after the solder is solidified. This makes it 
possible to easily check by visual inspection whether the mounting terminal is well 
connected. 

[0038] In another aspect of the present invention, the mounting terminal of the first 
package is formed at the same height as the height at which a control terminal connected to 
the oscillator circuit element is formed. 

[0039] In this aspect, in the processing of the lead frame, because the lead to be 
used as the mounting terminal and the lead to be used as the control terminal are formed at 
the same height, it is not needed to bend the lead corresponding to the first connection 
terminal, and thus the process performed on the lead frame is simplified. 

[0040] In another aspect of the present invention, the outer end portion of the first 
connection terminal of the first lead frame used to form the first package is cut off together 
with other unnecessary portions of the first lead frame when resin molding is performed. 

[0041] In this aspect, molding with the resin is performed while pressing the first 
connection terminal to be formed into the mounting terminal against the mold such that the 
major surface of the first connection terminal is maintained in direct contact with the inner 
surface of the mold. After completion of molding, the unnecessary outer part of the first 
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connection terminal is cut off. This prevents the molding resin from remaining, in the form 
of flash, on the major surface of the first connection terminal serving as the mounting 
terminal, and thus it becomes unnecessary to remove resin flash. 

[0042] To address or achieve the above, the present invention also provides a 
portable telephone apparatus which includes a portable telephone and a piezoelectric 
oscillator. The portable telephone obtains a control clock signal from the piezoelectric 
oscillator, the piezoelectric oscillator including a first package in which an oscillator circuit 
element to form an oscillator is disposed and a second package in which a piezoelectric 
resonator is disposed, the second package being firmly overlaid on the first package, the first 
package including a first lead frame and a second lead frame, an end portion of the first lead 
'frame being bent in a direction away from the second package such that the end portion is 
exposed to the outside and such that the exposed end portion serves as a first connection 
temiinal, an end portion of the second lead frame being bent in a direction toward the second 
package such that the end portion is exposed to the outside and such that the exposed end 
portion serves as a second connection terminal, the first connection terminal and the second 
connection terminal being located such that they overlap with each other when viewed in a 
vertical direction, the oscillator circuit element being connected to internal terminals of 
respective first and second lead frames, the first connection terminal serving as a mounting 
terminal, the second connection terminal being electrically connected to an external terminal 
of the second package, the first package and the second package being firmly connected to 
each other. 

[0043] To address or achieve the above, the present invention also provides an 
ekctronic apparatus which includes an electronic device and a piezoelectric oscillator. The 
electronic device obtains a control clock signal from a piezoelectric oscillator, the 
piezoelectric oscillator including a first package in which an oscillator circuit element to form 
an oscillator is disposed and a second package in which a piezoelectric resonator is disposed^ 
the second package being firmly overlaid on the first package, the first package including a 
first lead frame and a second lead frame, an end portion of the first lead frame being bent in a 
direction away from the second package such that the end portion is exposed to the outside 
and such that the exposed end portion serves as a first connection terminal, an end portion of 
the second lead frame being bent in a direction toward the second package such that the end 
portion is exposed to the outside and such that the exposed end portion serves as a second 
connection terminal, the first connection terminal and the second connection terminal being 
located such that they overlap with each other when viewed in a vertical direction, the 
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oscillator circuit element being connected to internal terminals of respective first and second 
lead frames, the first connection terminal serving as a mounting terminal, the second 
connection terminal being electrically connected to an external terminal of the second 
package, the first package and the second package being firmly connected to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Fig. 1 is an exploded perspective view schematically showing a piezoelectric 
oscillator according to an exemplary embodiment of the present invention; 

[0045] Fig. 2 is a cross-sectional view of the piezoelectric oscillator, taken along 
Plane A-A of Fig. 1; . 

[0046] Fig. 3 is a perspective view schematically showing bent structures of a first 
lead fi-ame and a second lead frame used in a first package of the piezoelectric oscillator 
shown in Fig. 1 ; 

[0047] Fig. 4 is a plan view schematically showing an example of the first lead 
frame used in the first package of the piezoelectric oscillator shovra in Fig. 1 ; 

[0048] Fig. 5 is a plan view schematically showing an example of the second lead 
frame used in the first package of the piezoelectric oscillator shown in Fig. I; 

[0049] Fig. 6 is a perspective view schematically showing a first exemplary 
modification of the first package of the piezoelectric oscillator shown in Fig. 1 ; 

[0050] Fig. 7 is a cross-sectional view schematically showing a piezoelectric 
oscillator formed using the first package shown in Fig. 6; 

[0051] Fig. 8 is a perspective view schematically showing a second exemplary 
modification of the first package of the piezoelectric oscillator shown in Fig. 1 ; 

[0052] Fig. 9 is a cross-sectional view taken along Plane B-B of Fig. 8; 

[0053] Fig. 10 is a perspective view schematically showing a third exemplary 
modification of the first package of the piezoelectric oscillator shown in Fig. 1 ; 

[0054] Fig. 11 is a partially enlarged perspective view showing a maimer in which 
control terminals of the first package shown in Fig. 10 are bent; 

[0055] Fig. 12 is a perspective view schematically showing a fourth exemplary 
modification of the first package of the piezoelectric oscillator shown in Fig. 1 ; 

[0056] Fig. 13 is a partially enlarged schematic showing a mounting structure of the 
piezoelectric oscillator shown in Fig. 1 ; * 

[0057] Fig. 14 is a plan view schematically showing a cutting line along which a 
lead frame is cut to produce the first package of the piezoelectric oscillator shown in Fig. 1; 
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[0058] Fig. 1 5 is a schematic showing a manner in which the lead frame 14 is 
molded with resin to produce a resin-molded package; 

[0059] Fig. 1 6 is a partially enlarged schematic showing a manner in which an 
unnecessary part of the lead frame is cut off after the completion of the molding process 
shown in Fig. 15; 

[0060] Fig. 17 is a plan view showing another structure of a lead frame (first lead 
frame) used to form the first package of the piezoelectric oscillator shown in Fig. 1 ; 

[0061] Fig. 1 8 is a cross-sectional view taken along Plane K-K of Fig. 17; 

[0062] Fig. 1 9 is a schematic showing a manner in which the lead frame shown in 
Fig. 17 is molded with resin to form a resin-molded package; 

[0063] Figs. 20A, 20B, and 20C are schematics showing a piezoelectric oscillator 
via the molding process shown in Fig. 19, where Fig. 20A is a plan view of the piezoelectric 
oscillator, in which a first package is cross-sectioned, Fig. 20B is a plan view of the 
piezoelectric oscillator, and Fig. 20C is a bottom view of the piezoelectric oscillator; 

[0064] Figs. 2 1 A and 2 1 B are partially enlarged views showing a process of 
mounting the piezoelectric oscillator shown in Figs. 20A-20C, where Fig. 21 A shows a step 
of placing solder balls, and Fig. 2 IB shows a state in which the solder balls are melted; 

[0065] Fig. 22 is a schematic showing a digital portable telephone, which is an 
example of an electronic device using a piezoelectric oscillator according to an exemplary 
embodiment of the present invention; 

[0066] Fig. 23 is a front view schematically showing an example of a related art 
piezoelectric oscillator; 

[0067] Fig. 24 is a cross-sectional view taken along Plane C-C of Fig. 23, 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0068] Figs. 1 and 2 show a piezoelectric oscillator according to a first exemplary 
embodiment of the present invention, where Fig. 1 is an exploded perspective view 
schematically showing the piezoelectric oscillator, and Fig. 2 is a cross-sectional view taken 
along Plane A- A of Fig. 1 . 

[0069] As shown in these figures, a piezoelectric oscillator 30 includes a first 
package 60 and a second package 35 fixed to each other such that the second package 35 is 
located on the first package 60. An oscillator circuit element, which is described below, is 
disposed in the first package 60, and a piezoelectric resonator 32 is disposed in the second 
package 35. 
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[0070] The structure of the second package 35 is described below. 

[0071] As shown in Fig. 2, the second package 35 is formed by first putting a 
substrate a 35a, in the form of a ceramic green sheet made of an aluminimi oxide-based 
insulating material, on a substrate 35b made of a similar material and then baking them, 
where an opening is formed in advance in the substrate 35b such that the opening forms an 
internal space S2 when the substrates 35b is disposed on the substrate 35a thereby forming a 
rectangular box whose upper end is open. 

[0072] The internal space S2 is used to dispose the piezoelectric resonator 32, 

[0073] That is, in the second package 35 according to the present exemplary 
embodiment, as shown in Fig. 1, electrodes 31 exposed in the intemal space S2 are formed on 
the left-hand side of the surface of the substrate 35b by forming lower-layer electrodes by 
metalizing tungsten and then plating the lower-layer with nickel and further gold. 

[0074] The electrodes 31 are connected to external electrodes 37 formed in four 
comers on the lower surface of the second package 35. Although some external packages are 
not shown in Fig. 1, the external electrodes are actually formed in the respective four comers 
on the lower surface of the second package 35. The electrodes 31 are not necessarily needed 
to be connected to all external terminals. The electrodes 31 are electrically connected to the 
first package 60, which is described in detail below, so that a driving voltage is supplied to 
the piezoelectric resonator 32 via the electrodes 3 1 . The upper part of each electrode 3 1 is 
coated with a conductive adhesive 33, and a base part 36 of the piezoelectric resonator 32 is 
put on the conductive adhesives 33. After putting the base part 36 in the above-described 
manner, the conductive adhesives 33 are cured thereby bonding the base part 36 of the 
piezoelectric resonator 32 to the electrodes 31. 

[0075] As for the electrically conductive adhesives 33, an adhesive produced by 
incorporating electrically conductive particles such as silver particles into a synthetic resin, 
such as a silicone resin, epoxy resin, or a polyimide resin, serving as an adhesive component. 

[0076] The piezoelectric resonator 32 is formed of, for example, quartz. 
Alternatively, the piezoelectric resonator 32 may be formed of another piezoelectric material 
such as lithium tantalate or lithium niobate. In the present exemplary embodiment, in order to 
achieve a small size and necessary performance, the piezoelectric resonator 32 is formed so as 
to have a shape shown in Fig. 1 . 

[0077] More specifically, the piezoelectric resonator 32 includes a base part 36 and 
a pair of vibrating arms 34 extending in parallel from the base part 36. The piezoelectric 
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resonator 32 has, as a whole, a shape similar to a tuning fork, and the base part 36 of the 
piezoelectric resonator 32 is firmly connected to the second package 35 as described below. 

[0078] The piezoelectric resonator 32 is not limited to the tuning-fork piezoelectric 
resonator described above, but another type of piezoelectric resonator such as a AT-cut 
resonator produced by cutting a piezoelectric material into a rectangular form may also be 
used. 

[0079] As shown in Fig, 2, the upper opening of the second package 35 is sealed 
with a glass lid 39 by connecting the glass hd 39 to the second package 35 with a brazing 
material 38, such as low-melting glass. 

[0080] If the brazing material 38 and the lid 39 made of a Fe-Ni-Co alloy or the like 
are employed, and if the lid 39 is grounded, the lid 39 provides a shielding effect. The Ud 39 
can be grounded by electrically connecting the lid 39 to at least one of the external terminal 
37 and further connecting to a ground electrode on the first package 60. 

[0081] The first package 60 is described below. 

[0082] The first package 60 is in the form of a resin package made by putting an 
oscillator circuit element on a lead frame, which is described below, and then molding the 
oscillator circuit element together with the lead frame with a resin. In the cross-sectional 
view of the first package 60 shown in Fig. 2, areas shaded with diagonal lines indicate various 
terminals. Actually, any of these terminals has a cross-section in the cross-sectional plane of 
Fig. 2, but the shaded areas are shown in Fig. 2 in order to indicate the vertical positions of 
the respective terminals. 

[0083] The structure of the lead frame used to form the oscillator circuit element 
and terminals of the first package 60 is described. Fig. 3 is a perspective view schematically 
showing the structures, in the vertical direction, of the first lead frame 50 and the second lead 
frame 40. Figs. 4 and 5 are plan views of the first lead frame 50 and the second lead frame 
40, respectively. In the present exemplary embodiment, two lead frames, that is, the first lead 
frame 50 and the second lead frame 40, are used. The first lead frame 50 and the second lead 
frame 40 are each made of a widely used material, for example, a Fe alloy (such as 42 alloy), 
a Cu alloy (such as Cu-Sn, Cu-Fe, Cu-Zn, or Cu-Ni) or a ternary alloy obtained by adding a 
third element to one of the alloys described above. 

[0084] The first lead frame 50 shown in Fig. 4 is located at a lower position in the 
first package 60 as shown in Fig. 3. 
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[0085] Fig. 4 shows the first lead frame 50 including leads bent to a predetennined 
shape and connected to a rectangular-shaped frame part Fl . After completion of the molding 
process, leads are cut along cutting lines CI . 

10086] The first lead frame 50 includes a first lead 51, a second lead 52, a third lead 
53, and a fourth lead 54, which all have a similar and small rectangular shape and which are 
located near respective four comers. At the substantially central position, there is provided a 
substantially rectangular device mounting part 55 connected to the frame part Fl. 

[0087] In this first lead frame 50, the first lead 5 1 , the second lead 52, the third lead 
53, and the fourth lead 54 have end parts (represented by diagonal hatching) 51a, 52a, 53a, 
and 54a, respectively, each having a rather large area and being bent downward in Fig. 3 (in a 
direction away from the second package 35, in Fig. 2). Each of the end parts 51a, 52a, 53a, 
and 54a horizontally extends at a height lower than the remaining part of each lead. 
Elongated parts, other than the parts 51a, 52a, 53a, and 54a, of the first lead 51, the second 
lead 52, the third lead 53, and the fourth lead 54, respectively, serve as internal terminals to 
be connected to the oscillator circuit element which is described below. 

[0088] The first lead frame 50 also includes control terminal leads 57 and 56 each 
having an elongated rectangular shape and extending parallel to each other, where the control 
terminal leads 57 are located between the first lead 51 and the fourth lead 54, and the control 
terminal leads 56 are located between the second lead 52 and the third lead 53. 

[0089] The second lead frame 40 shown in Fig. 5 is disposed at ah upper position in 
the first package 60, as shown in Fig. 3. 

[0090] Fig. 5 shows the second lead frame 40 including leads bent to a 
predetermined shape and connected to a rectangular-shaped frame part F2. After completion 
of the molding process, leads are cut along cutting lines C2. 

[0091] The second lead frame 40 includes the first lead 41, the second lead 42, the 
third lead 43, and the fourth lead 44, which all have a similar and small rectangular shape and 
which are located near respective four comers. 

[0092] In this second lead frame 40, the first lead 41 , the second lead 42, the third 
lead 43, the fourth lead 44, respectively, have end parts (represented by diagonal hatching) 
41a, 42a, 43a, and 44a, respectively, each having a rather large area and being bent upward in 
Fig. 3 (in a direction toward the second package 35, in Fig. 2). Those end parts 41a, 42a, 43a, 
and 44a horizontally extend at a height higher than the remaining part of each lead. 
Elongated parts, other than the parts 41a, 42a, 43a, and 44a, of the first lead 41, the second 
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lead 42, the third lead 43, and the fourth lead 44, respectively, serve as internal terminals to 
be connected to the oscillator circuit element which is described below. 

[0093] The end parts 41a, 42a, 43a, and 44a are not necessarily needed to have a 
perfect rectangular shape, but they may have a different desirable shape. For example, in the 
present exemplary embodiment, each of the end parts 41a, 42a, 43a, and 44a has a small cut- 
out part 41b, 42b, 43b, or 44b formed in a comer. 

[0094] As shown in Fig. 3, the oscillator circuit element 61 is mounted on the 
device moimting part 55 of the first lead fi-ame 50 where the oscillator circuit element 61 is 
fixed to the device mounting part 55 by means of die bonding. One or more electronic 
components, such as an integrated circuit or a capacitor, are used as the oscillator circuit 
element 61 . The oscillator circuit element 61 includes at least a circuit to excite the 
piezoelectric resonator 32. Preferably, the oscillator circuit element 61 further includes a 
thermosensor (not shown) serving as temperature detection means which allows the 
piezoelectric resonator 32 to operate as a temperature-compensated resonator. 

[0095] In Fig. 3, the oscillator circuit element 61 firmly mounted on the device 
mounting part 55 is electrically connected to the first lead 41, the second lead 42, and the 
third lead 43 each serving as an intemal terminal of the second lead fi-ame 40 via bonding 
metal wires such as Au wires, as shown in Fig. 2. 

[0096] The oscillator circuit element 61 is also electrically connected to the first 
lead 51, the second lead 52, the third lead 53, and the fourth lead 54 each serving as an 
internal terminal of the first lead fi-ame 50 via bonding metal wires, such as Au wires as 
shown in Fig. 2. Furthermore, the oscillator circuit element 61 is also electrically connected 
to inner end part of each of the control terminal leads 57 and 56 of the first lead fi-ame 50 via 
bonding metal wires, such as Au wires (not shown). 

[0097] After the oscillator circuit element 61 is fixed to the first and second lead 
fi-ames 50 and 40 in the state shown in Figs. 4 and 5 and wires are wire-bonded between the 
oscillator circuit element 61 and the respective leads as shown in Fig. 2,. the first package 60 
is molded with an insulating synthetic resin such as an epoxy resin 64 by injection molding. 
The molding is performed such that the upwardly-bent parts 41a, 42a, 43a, and 44a of the 
second lead fi-ame 40 are exposed to the outside via the upper surface of the resin package 
arid such that the downwardly-bent parts 51a, 52a, 53a, and 54a of the first lead fi-ame 50 are 
exposed to the outside via the lower surface (bottom surface) of the resin package. 
Thereafter, the fi-ames Fl and F2 of the respective first and second lead fi-ames 50 and 40 in 
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the states shown in Fig. 4 and 5 are removed by cutting the leads along cutting lines CI and 
C2. Thus, a complete first package 60, such as that shown in Figs. 1 and 2, is obtained. 

[0098] In the first package 60 formed in the above-described manner, as shown in 
Fig. 1, the parts 41a, 42a, 43a, and 44a of the first to fourth leads 41, 42, 43, and 44, 
respectively of the second lead fi-ame 40 are exposed to the outside in the respective four 
comers on the upper surface of the first package 60 such that those exposed parts serve as 
second connection terminals. 

[0099] On the other hand, the parts 51a, 52a, 53a, and 54a of the first to fourth leads 
51, 52, 53, and 54, respectively of the fii-st lead fi-ame 50 are exposed to the outside in the 
respective four comers on the lower surface (bottom surface) of the first package 60 such that 
those exposed parts serve as first connection terminals. Those first connection terminals are 
used as mounting terminals when the piezoelectric oscillator 30 is mounted on a mounting 
board or the like. 

[0100] As shown in Fig. 1, the second connection terminals 41a, 42a, 43a, and 44a 
on the upper surface of the first package 60 directly face external terminals 37 formed in the 
four comers on the lower surface of the second package 35 placed on the first package 60. 

[0101] If a conductive adhesive is applied to the second connection terminals 41a, 
42a, 43a, and 44a on the upper surface of the first package 60, and if the second package 35 is 
put thereon, the first and second packages 60 and 35 are bonded to each other such that the 
second connection terminals 41a, 42a, 43a, and 44a of the first package 60 are electrically 
connected to the respective external terminals 37 of the second package 35. The conductive 
adhesive (not shown) used herein may be similar to the conductive adhesive 33 used to bond 
the piezoelectric resonator 32 to the second package 35. 

[0102] In the present exemplary embodiment constructed in the above-described 
manner, a method of connecting the first package 60 to a mounting board (not shown) to 
mount the piezoelectric oscillator 30 and also a method of electrically connecting the first 
package 60 to the second package 35 are formed using two separate lead fi-ames, that is, the 
first lead fi-ame 50 and the second lead fi-ame 40, as shown in Fig. 2. 

[01 03] More specifically, the mounting terminals (first connection terminals) 5 1 a, 
52a, 53a, and 54a serving as the method of connecting the first package 60 to the mounting 
board (not shown) to mount the piezoelectric oscillator 30 and the second connection 
terminals 41a, 42a, 43a, and 44a serving as the method of electrically connecting the first 
package 60 to the second package 35 are formed such that the locations of the second 
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connection terminals 41a, 42a, 43a, and 44a overlap with the corresponding mounting 
terminals when viewed in the vertical direction, as shown in Figs. 1 and 2. In this structure, 
unlike the structure shown in Fig. 23, each lead frame does not include an end part to be bent 
in a direction opposite to the direction in which the other end parts of that lead frame are bent, 
and thus the horizontal size of the lead frame can be reduced. As a result, the horizontal size 
of the piezoelectric oscillator 30 can be reduced or minimized. 

[01 04] Thus, the present exemplary embodiment of the invention can provide a 
piezoelectric oscillator which needs a small area in which it is mounted. 

[01 05] In the piezoelectric oscillator 30, the oscillator circuit element 6 1 is molded 
with a resin so as to seal the oscillator circuit element 61 within the first package 60, and the 
piezoelectric resonator 32 is disposed within the second package 35 made of ceramic 
prepared separately from the first package 60. In this structure, unlike the structure in which 
both the piezoelectric resonator 32 and the oscillator circuit element 61 are disposed in the 
same resin package, the piezoelectric resonator is not exposed to gas produced when the resin 
is cured, and thus it is ensured that no degradation in performance occurs. Fxirthermore, the 
piezoelectric oscillator 30 can be produced by separately producing first packages 60 arid 
second packages 35, selecting a good first package; 60 and a good second package 35, and 
combining the selected first package 60 and the second package 35. In this technique, unlike 
the technique in which both the piezoelectric resonator 32 and the oscillator circuit element 
61 are disposed in the same common resin package, the resultant complete piezoelectric 
oscillator 30 does not have any failure caused by some bad component. This makes it 
possible to efficiently use components. 

[0106] In the first package 60, as shown in Figs. 1 and 2, the second connection 
terminals 41a, 42a, 43a, and 44a exposed to the outside via the upper surface have cut-out 
parts 41b, 42b, 43b, and 44b, respectively, formed in a comer. That is, the shapes of the 
second connection terminals 41a, 42a, 43a, and 44a are different from the rectangular shapes 
of the mounting terminals 51a, 52a, 53a, and 54a on the lower surface (bottom surface) of the 
first package 60. 

[0107] This allows the first connection terminals serving as mounting terminals 51a, 
52a, 53a, and 54a to be easily distinguished in appearance from the second connection 
terminals 41a, 42a, 43a, and 44a, and thus, in production, it is possible to prevent the first 
package 60 from being incorrectly dealt with, for example, in a manner in which the first 
package 60 is placed upside down on the second package 35. 
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[0108] In the present piezoelectric oscillator 30, as shown in Fig. 3, the oscillator 
circuit element 61 is firmly mounted on one of the first lead fi-ame 50 and the second lead 
fi-ame 40. In this specific exemplary embodiment, the oscillator circuit element 61 is firmly 
mounted on the device mounting part 55 of the first lead fi-ame 50. In this structure, even if 
water intrudes into the piezoelectric oscillator 30 fi-om the lower side thereof, the water 
cannot easily reach the oscillator circuit element 61 . Thus, the oscillator circuit element 61 is 
protected fi"om being damaged by water. Furthermore, in this structure, when a temperate 
compensation circuit is added to the oscillator circuit element 61, a temperature sensor of the 
temperature compensation circuit can be disposed in close proximity of the piezoelectric 
resonator. This makes it possible to reduce or minimize the temperature difference between 
the temperature sensor and the piezoelectric resonator, thereby ensuring that the temperature 
characteristic of the piezoelectric resonator is precisely compensated. 

[0109] Referring to Figs. 6 to 12, exemplary modifications of the first package 60 
according to the exemplary embodiment are described below. A piezoelectric oscillator can 
be formed by fixing a second package 35 similar to that described above onto a first package 
60 according to one of the exemplary modifications. In this piezoelectric oscillator, the 
second package 35 has no structural difference fi-om that described above, and thus only the 
first package according to the exemplary modifications is described below. In these 
exemplary modifications, similar parts to those shown in Figs. 1 and 5 are denoted by similar 
reference numerals. Thus, a duplicated description thereof is not given herein, and only 
different parts are described below. 

[0110] Fig. 6 shows a first exemplary modification of the first package 60. Fig, 7 is 
a cross-sectional view, corresponding to Fig. 2, of a piezoelectric oscillator 70 obtained by 
combining the first package 60-1 according to the first exemplary modification and the 
second package 35. 

[0111] The second connection terminals 41a, 42a, 43a, and 44a of the second 
package 35 and the mounting terminals 51a, 52a, 53a, and 54a of the first package 60 are 
processed as shown at the lower left of Fig. 6. Note that although the insertion at the lower 
left of Fig. 6 shows the manner in which only one mounting terminal 54a is processed, the 
other mounting terminals and the second connection terminals are also processed in a similar 
manner. 

[0112] That is, as shown in Fig. 6, a liquid containing small abrasive particles is 
effused fi-om a nozzle 65 against an outer side face 54b of the mounting terminal 54a thereby 
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homing the mounting terminal 54a such that the resin is removed from the outer side face 
where the mounting terminal 54a is formed thereby ensuring that the mounting terminal 54a 
is exposed. As a result, a recess is formed after the resin is partially removed. When the 
piezoelectric oscillator 70 is moimted on a mounting board or the like by means of soldering, 
solder gets into the recess and a hem of solder is formed there. This results in an increase in 
the soldering strength, which ensures that the mounting terminals are electrically connected in 
a highly reliable fashion. 

[01 131. On the other hand, in the case in which no recess is formed and the end face 
54b of the mounting terminal 54a is simply exposed on the outer surface of the molding resin 
64, when the piezoelectric oscillator 30 is mounted on the mounting board 69 using solder 80, 
an excess part of solder gets upward along the side face of the mounting terminal 54a from 
the major surface of the mounting terminal 54a and a solder fillet 78 is formed, as shown in 
Fig. 13. This makes it possible to easily check by visual inspection whether the mounting 
terminal 54a is well connected to the mounting board 69. 

[0114] Furthermore, as shown in Fig. 6, a recessed space Gl formed on the first 
package 60 is filled with a good thermal conductor such as a silicone resin having higher 
thermal conductivity than air, as shown in Fig. 7. 

[0115] As a result, the first package 60 and the second package 35 are connected to 
each other via the good thermal conductor 66 serving as a thermal conduction path, and thus 
ftirther good thermal conduction is achieved between the first package 60 and the second 
package 35. hi this structure, when the oscillator circuit element 61 in the first package 60 
has the temperature detection capability to perform temperature compensation on the 
piezoelectric resonator 32 disposed in the second package 35, the thermal conductor 66 
minimizes the thermal gradient between the two packages thereby ensuring that the 
piezoelectric oscillator 70 operates precisely. 

[0116] Fig. 8 shows a second exemplary modification of the first package 60, and 
Fig. 9 is a cross-sectional view taken along Plane B-B of Fig. 8. In this first package 60-2 
according to the second exemplary modification, the surface of each of the second connection 
terminals 41a-2, 42a-2, 43a-2, 44a-2 are dimpled. That is, a plurahty of or a large number of 
small holes or recesses HI are formed in the surface. 

[0117] hi this structure, when the second connection terminals 41a-2, 42a-2, 43a-2, 
and 44a-2 and the corresponding external terminals 37 are bonded using an electrically 
conductive adhesive thereby connecting the first package 60-2 and the second package 35 to 
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each other, the electrically conductive adhesive gets into the small holes or recesses HI, and 
those portions of the electrically conductive adhesive in the small holes or recesses HI serve 
as anchors which ensure strong bonding. 

[0118] Similar small holes or recesses HI may also be formed in the mounting 
terminals 51a, 52a, 53a, and 54a of the first package 60-2 thereby achieving a further increase 
in connection strength of the piezoelectric oscillator. 

[0119] Fig. 10 shows a third exemplary modification of the first package 60, and 
Fig. 1 1 is a .partially enlarged view of Fig. 10, showing a manner in which testing is 
performed on a piezoelectric oscillator using a first package 60-3 according to the third 
exemplary modification. 

[0120] As shown in Fig. 1 0, cut-out parts 75 each having an inwardly recessed 
shape are formed at a substantially central location of respective side faces, represented as 
being on the front and rear sides in Fig. 10, of the first package 60-3. In each of the cut-out 
parts 75, a pair of control terminals 57a or 56a extrudes horizontally and parallel fi*om each 
side face of the first package 60-3. As described above with reference to Figs. 3 and 4, the 
control terminals 57a and 56a are end parts integrally formed with the first lead fi-ame 50 and 
connected to the oscillator circuit element 61 so that they serve as input/output terminals of 
the oscillator circuit element 61. 

[0121] As shown in Fig. 10^ power supply terminal pins 72 can be brought into 
contact with respective mounting terminals 54a and 53a fi-om below of the first package 60-3 
in a direction represented by arrows. On the other hand, test terminal pins 73 each having a 
substantially L-shape and having an upward step part 74 formed at the end are moved in a 
direction represented by arrows so that the upward step parts 74 of the test terminal pins 73 
are brought into contact with the respective control terminals 56a. Although not shown in 
Fig. 10, similar test terminal pins are brought into contact with the control terminals 57a on 
the rear side of the first package 60-3. 

[0i22] Thus, in the third exemplary modification in which the control terminals 56a 
are exposed in the cut-out parts 75 on the side faces of the first package, testing can be easily 
performed simply by bringing the test terminal pins 73 into contact with the respective control 
terminals 56a as shown in Fig. 10. Furthermore, in this structure, the control terminals 56a 
exposed in the cut-out parts 75 can extend in the horizontal direction within the cut-out parts 
75 without extending to the outside beyond the outer surface of the first package 60-3 and 
thus without causing an increase in the total size. 
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[0123] After completion of testing, if the test terminal pins 73 are further moved 
upward while maintaining the upward step parts 74 in contact with the respective control 
terminals 56a, the control terminals 56a are bent upward as shown in Fig. 1 1. In this state, if 
the test terminal pints 73 are removed, the control terminals 56a are maintained in the bent 
state. Thus, after the completion of testing, the first package 60-3 is in the state in which the 
control terminals 56a do not extend horizontally from the side faces but are bent upward in 
the cut-out parts 75. This is convenient in treating, because the control terminals 56a are 
moved apart from the moimting plane. 

[0124] The testing described above may be performed either before or after the first . 
package 60-3 is combined with the second package 35 into the complete form of the 
piezoelectric oscillator 70. 

[0125] Fig. 12 shows a fourth exemplary modification of the first package 60. The 
first package 60-4 according to the fourth exemplary modification is similar to the first 
package 60-3 according to the third exemplary modification except that there is a difference 
in shape of the cut-out parts. 

[0126] That is, as shown in Fig. 12, a downward step part 77 is formed at the upper 
side of each cut-out part 76 such that each control terminal 56a exposed in the cut-out part 76 
is. supported by the downward step part 77. 

[0127] In this structure, when testing is performed by bringing the test terminal pins 
73 into contact with the control terminals 56a in the manner described above witii reference to 
Fig. 10, the control terminals 56a urged upward by the test terminal pints 73 are supported by 
the downward step parts 77, and thus the control terminal pins 56a are prevented from being 
bent. Because the control terminals 56a are not deformed during the testing, it is possible to 
perform the testing repeatedly as required. 

[0128] Fig. 14 shows an example of a desirable manner in which a lead frame is cut 
after completion of the resin molding process. The lead frame shown herein in Fig. 14 
corresponds to the first lead frame 50 shown in Fig. 4. In this example, the first lead frame 
50-1 is formed such that each of parts 51a, 52a, 53a, and 54a of leads has a shape which is 
longer in the horizontal direction than in the vertical direction as shown in Fig. 14. In order 
that the parts 51a, 52, 53a, and 54a can be used as mounting terminals of the piezoelectric 
oscillator, those parts are formed, unlike the structure shown in Fig. 4, such that they extend 
to the outside in the horizontal direction. 
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[0129] In Fig. 14, a single dotted line PI represents an area to be molded with a 
resin, and double dotted line C2 represents a cutting line along which the lead frame is to be 
cut. In this structure, unlike the structure shown in Fig. 4, extruding parts 51c, 52ci 53c, and 
54c extending to the outside from the resin are formed at location where mounting terminals 
are to be formed. 

[0130] Fig. 15 is a schematic showing a manner in which the first package used to 
house a IC is produced by molding using the above-described structiwe. 

[0131] In Fig. 1 5, a molten resin is put into a cavity, which is created between an 
upper mold 81 and a lower mold 82 when they are mated with each other, thereby forming a 
molding resin 64. A presser part 73 extruding downward in Fig. , 15 is formed along the 
periphery of the upper mold Sl so that when the upper mold 81 arid the lower niold 82 are 
mated together, the presser part 73 is brought into contact with the extruding parts 53c and 
54c of the leads 53a and 54a which will form the mounting terminals, thereby pressing the 
extruding parts 53c and 54c against the lower mold 82. As a result, the major surface of each 
of the leads 53a and 54a, that is, the lower surface thereof, is brought into intimate contact 
with the upper surface 74 of the.lower mold 82. This reduces or prevents the resin from 
adhering to the lower surfaces of the mounting terminals, and thus it becomes unnecessiary to 
perform a troublesome process to remove mold flash after conipletion of the molding process. 

[0132] In the case in which the molding method described above is not employed, . 
the resin adhering to the lower surface of the leads 53a and 54a is removed. The absence of 
resin on the lower surface of the leads 53a and 54a ensures that the lower sxirface of each of 
the leads 53a and 54a can be well plated to form the mounting terminals. 

[0133] Fig. 16 is a schematic showing a manner in which an unnecessary part of the 
lead frame is cut off after the completion of the molding process. 

[0134] In the cutting-off process performed after completion of the molding 
process^ the unnecessary part is removed from the frame part Fl shown in Fig. 15 by 
performing cutting along a cutting line C2 shown in Fig. 16. As shown in Fig. 16, the parts 
51a, 52a, 53 a, and 54a of the leads, to be formed into the mounting terminals, have the 
extruding parts 51c, 52c, 53c, and 54c, respectively, which extend to the outside slightly from 
the side faces of the molding resin. 

[0135] More specifically, after completion of the molding process, . as shown in Fig. 
16, the first lead frame is put on a lower blade 76 of a cutting machine as shown in Fig. 16, 
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and the extruding part 53c is cut by moving an upper blade 75 in a downward direction G as 
represented by an arrow so that an end face 53b is created after the extruding part 53c is cut. 

[0136] In the cutting process described above, positioning is performed such that 
after the extruding part 53c of the lead 53a is cut, a part of the extruding part 53c with a 
predetermined length of J remains in the outside of the molding resin 64. In this cutting 
method, even if a positioning error occurs, and if, as a resiilt of the positioning error, the 
extmding part 53c is cut along a dashed line H, the end surface 53b is exposed to the outside 
from the resin 64. This ensures that a solder fillet is formed in the mounting process as 
described above with reference to Fig. 13, thereby making it possible to easily check whether 
a good connection is achieved. 

[0137] Fig. 1 7 is a plan view showing a first lead frame 50-2 constructed into 
another structure. Fig. 18 is a cross-sectional view taken along Plane K-K of Fig. 17. 

[0138] In this example, the parts 51a, 52a, 53a, and 54a of leads to be formed into 
mounting terminals lie in the same plane as that in which the leads 56 and 57 to be formed 
into control terminals lie. In this structure, the bending process described earlier with 
reference to Fig. 2 is not necessary, and thus the production process can be simplified. 

[0139] Fig. 19 is a schematic showing a manner in which a resin-molded package is 
formed using the first lead frame 50-2. 

[0140] In Fig. 1 9, a molten resin is injected into a cavity which is created between 
an upper mold 85 and a lower mold 86 when they are mated with each other. In this process, 
the parts 54a and 53a of leads to be formed into the mounting terminals at the same height as 
that of the leads 56 and 57 to be formed into the control terminals are clamped between the 
upper mold 85 and the lower mold 86. 

[0141] The lower mold 86 has extrusions 87 in areas corresponding to the parts 54a 
and 53a of leads. Those extrusions 87 cause the molding resin 64-1 to have recesses 89 in 
which the parts 54a and 53a of leads to be formed into the mounting terminals are exposed. 

[0142] Figs. 20A to 20C are diagrams showing a piezoelectric oscillator 90 
including a first package 60 produced using the technique described above, where Fig. 20A is 
a diagram of the piezoelectric oscillator 90, in which the first package 60 is cross-sectioned. 
Fig. 20B is a plan view of the piezoelectric oscillator 90, and Fig. 20C is a bottom view of the 
piezoelectric oscillator 90. 

[0143] As shown in those figures, recesses 89 are formed in the lower surface of the 
first package 60 of the piezoelectric oscillator 90, and the parts 51a, 52a, 53a, and 54a of the 
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leads to be formed into the mounting temiinals are exposed in the recesses 89. In this 
structure, the lower surface 88 of the first package is located at a height lower than the major 
surface (lower surface) of the mounting terminal. Therefore, when the piezoelectric oscillator 
90 is moimted, the leads 56 and 57 forming the control terminals are maintained apart fi-om 
the mounting board. This reduces or prevents the control terminals of the mounted 
piezoelectric oscillator 90 from being in contact with an interconnection pattern, which would 
create a short circuit. The height of the recesses 89 is set to a value, for example, 1 mm, 
which is sufficient to achieve the above purpose. 

[0144] Figs. 21 A and 21 B show a manner in which the piezoelectric oscillator 90 is 
mounted. In those figures, of various parts of the piezoelectric oscillator 90, only the first 
package 60 is shown. 

(0145] As shown in Fig. 21 A, solder balls 91 are formed on electrodes 71 of a 
mounting board 69. Thereafter, the solder balls are melted as denoted by reference numeral 
91-1 in Fig. 2 IB thereby connecting the piezoelectric oscillator 90 to the mounting board 69. 

[0146] As described above, in the mounting process, the recesses 89 formed in the 
first package 60 allow the solder balls 91 to be precisely positioned. 

[0147] Fig. 22 is a schematic showing a digital portable telephone, which is an 
example of an electronic device using a piezoelectric oscillator according to one of the above- 
described exemplary embodiments of the present invention. 

[0148] In Fig. 22, a microphone 308 converts a voice of a user into an electric 
signal. The electric signal is digitally modulated by a demodulator/codec. The resultant 
signal is frequency-converted to a frequency in a RF (Radio Frequency) band by a transmitter 
307 and transmitted via an antenna to a base station (not shown). On the other hand, a RF 
signal transmitted from a base station is frequency-converted by a receiver 306 and fiirther 
converted into a voice signal by the demodulator/codec. A voice is output from a speaker 309 
in accordance with the voice signal. A CPU (Central Processing Unit) 301 controls the entire 
operation of the digital portable telephone 300 including an input/output imit 302 including a 
liquid crystal display and a keyboard 302. A memory 303 is information storage means such 
as a ROM and a RAM controlled by the CPU 301 . A program for controlling the digital 
portable telephone and information, such as a telephone number list, are stored in the memory 
303. 

[0149] A TCXO (Temperature Compensated X'stal Oscillator) 305 is a piezoelectric 
oscillator according to one of the exemplary embodiments of the present invention. The 
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TCXO 305 has a capability of compensating for a frequency variation due to a change in 
ambient temperature and is used as a frequency generator for generating a reference frequency 
used by the receiver 306 and the transmitter 307 shown in Fig. 22. The TCXO 305 is a 
component widely used in portable telephones. As the size of the portable telephone is 
reduced, there is an increasing need for a further reduction in the size of the TCXO 305. The 
TCXO according to one of the exemplary embodiments of the present invention is very useful 
to meet the above requirement. 

[0150] By employing, in an electronic device, such as the digital portable telephone 
300, a piezoelectric oscillator according to one of the exemplary embodiments of the present 
invention, such as the piezoelectric oscillator 30 or the piezoelectric oscillator 70 or 90, which 
can be mounted in a mounting space with small horizontal dimensions, it is possible to reduce 
the total size of the digital portable telephone 300. Furthermore, the good thermal 
conductivity disposed between the first package in which the piezoelectric resonator is 
disposed and the second package in which the temperature sensor and the temperature 
compensation circuit are disposed allows the achievement of excellent temperature 
compensation characteristic. 

[0151] The present invention is not limited to the specific exemplary embodiments 
described above. The techniques employed in the exemplary erribodiments and exemplary 
modifications may be combined together or may be combined with another technique which 
is not described herein. Some of the techniques employed in the exemplary embodiments or 
exemplary modifications may not be used. 

[0152] In the exemplary embodiments described above, the first package is 
produced using two lead frames. Altematively, the first package may be produced using three 
or more lead frames. The number and the shape of terminals formed from the lead frames are 
not limited to those eniployed in the specific exemplary embodiments described above, but an 
arbitrary number and an arbitrary shape may be employed. 



